First we present a free-surface boundary approximation that is stable for all physical &' a ratios and correct for laterally varying media. The method is implicit, but only requires a simple pentadiagonal system solver to implement. When the proposed boundary conditions are coupled with second-order and fourth-order approximations for the elastic wave equation, the overall problem is stable for P/a greater than 0.01 and P/a greater than 0.02, respectively. A simple numerical test of the method and a comparison with other published methods are given in the second section.
FREE-SURFACE

BOUNDARY CONDITIONS
The two-dimensional free-surface boundary conditions of zro tangential and normal stress are (5) show that the combined problem of the boundary conditions and the interior solution is stable is beyond the scope of this note. In numerical tests, the combined problem remained stable for P/a greater than 0.01 for a second-order interior method, and for p/a greater than 0.02 for a fourth-order method. We suspect that the stability problem lies with our interior solutions rather than with the boundary conditions. 
EDGES OF THE FREE
where 6 = aAt/h, h is the mesh spacing, and At is the time step. Here (uO, u,, u2) are the first three elements of the vector II,,, and superscripts t and t -1 refer to the present and previous time steps. Stability of equations (8) and (9) is independent of the P/a ratio. These equations most effectively absorb horizontally traveling P-waves. Similar equations are used for the vertical component w, except that 6 = (PAt)/h is used to absorb horizontally traveling S-waves. Mirror images of these conditions are used at the right edge of the free surface. 
NUMERICAL EXAMPLES OF STABILITY AND ACCURACY
The accuracy of the proposed implicit scheme is shown in Figure 2 . The revised-composed scheme and central-difference scheme (not shown) are about as accurate as the implicit scheme because all three are accurate to second order. The one-sided scheme (also not shown) is only accurate to first order and therefore introduces more error at the shorter wavelengths. Both the direct wave and the Rayleigh wave agree with the analytic calculation. The slight difference in sharpness between the analytic trace and the finite-difference trace is due to grid dispersion in the finite-difference method. The small perturbations to the Rayleigh wave are S-wave noise from the source region.
The stability of the proposed free-surface boundary conditions is illustrated by calculations for the vertical component of a half-space problem where p/a is 0.2. Results are shown in Figure 3 . The revised-composed .scheme and implicit scheme are well-behaved, while the one-sided scheme and centraldifference scheme are not. The slight difference in amplitude between the revised-composed scheme and implicit scheme results from the slight difference in the free-surface position, which is half a mesh spacing farther from the source with the revised-composed scheme than with the implicit scheme. The results for the stability of the one-sided scheme, centraldifference scheme. and revised-composed scheme are in agreement with those found by llan and Loewenthal(l976).
A test with lateral heterogeneity is shown in Figure 4 . The velocities within the rectangle under the receiver are a factor of 3 less than the velocities in the half-space. The one-sided scheme is inaccurate, particularly on the horizontal component. The central-difference scheme is unstable. The revisedcomposed scheme is more gently unstable; however, in our experience. structure with more lateral variation causes the method to become unstable more rapidly. Part of the disagreement between the revised-composed scheme and the implicit scheme in the early part of the record arises from the slightly different location of the free surface mentioned above. Only the implicit scheme results in energy dying away with time We suspect the result is accurate, but we have no method for conveniently checking it.
The only free surface which is stable for both low P/a ratios and lateral heterogeneity is the implicit scheme proposed here.
